Using EDT A ex traction and collagenase digestion, rat bone and rat skin were compared in terms of their content of hydroxyproline, hexoses, uronic acid, sialic acid and plasma proteins. The collagen content of the organic matrix from both tissues
Summary
Using EDT A ex traction and collagenase digestion, rat bone and rat skin were compared in terms of their content of hydroxyproline, hexoses, uronic acid, sialic acid and plasma proteins. The collagen content of the organic matrix from both tissues was similar. Greater differences were observed in the sialic acid and uronic acid content of the matrix, bone containing higher amounts; smaller differences were found in the levels of hexoses, albumin, IgG and at acid-glycoprotein, which are higher in EDT A extracts from bone. The DEAE-cellulose chromatography of the EDT A extracts and soluble collagenase digests indicated the presence of a variety of glycoproteins and a proteoglycan fraction. An acidic glycoprotein, corresponding to sialoprotein, was present in bone but not in skin extracts.
Collagen makes up about 90% by weight of the organic matrix of bone (Eastoe & Eastoe, 1954) and about 70% by weight of the organic matrix from skin (Grant & Prockop, 1972) . This fact led to the frequent assumption that the early stages of calcification must occur in a highly collagenous matrix. Glycoproteins constitute about 10% of the total organic matrix and 65-70% of the total noncollagenous material (Herring, 1976; Leaver, 1979) and their role in mineralization processes attracts more interest. Herring (1976) , when comparing bovine bone to tendon, found out that the former contained higher amounts of sialic acid, and concluded that bone sialoprotein (BSP) was a glycoprotein specific to bone which may have a role in mineralization, though its exact functions are still open to speculation. Ashton, Triffitt & Herring (1974) demonstrated that this BSP was not similar to any known plasma protein.
Plasma proteins (Owen & Triffitt, 1972; Owen, Triffitt & Melick, 1973; Ashton et at., 1974;  Thomas & Leaver, 1975) , pep tides (Leaver & Shuttleworth, 1968) , proteoglycans and glycoproteins (Andrews, Herring & Kent, 1969; Herring, 1968 ) and more recently Gla-protein (Price, Otsuka, Received 4 September 1981 . Accepted 18 January 1982 Poser, Kristaponis & Raman, 1976) have been identified in bone.
In the present study, organic matrix components in EDT A extracts and collagenase digests from bone and skin were isolated, quantitated and compared. The choice of the two tissues could be justified by the fact that both tissues contain higher amounts of the same type I collagen, although bone is mineralized and skin never does mineralize in physiological conditions. This study also has the advantage of being performed in one laboratory, using the same analytic procedures and providing simultaneous determinations of all the major constituents from hard and soft connective tissues, respectively bone and skin.
Materials and methods

Bone preparation
Compact diaphyseal bones were obtained in 3 month-old female Wistar rats weighing between 200 and 300 g. Rats were killed by ether and the leg bones were dissected and cleaned free of soft tissue. With an electric circular saw, the proximal and distal ends of the bones were cut in order to avoid contamination of proteins derived from cartilage. Under running tap water, the bone marrow and trabecular bone were removed, using a special needle with cutting surfaces. The bone pieces were disintegrated in a beater mill cooled by liquid nitrogen. The final product (powder) was defatted with trichlorethylene and then washed with ethanol and ether and allowed to dry at room temperature before storage at -20°C until use.
Skin preparation
Rat skins were obtained from the same rats. They were dissected free of hair, fat and other associated connective tissue. After a brief rinse in ice-cold 0'15 M NaCI to remove blood the skin pieces were defatted with trichlorethylene, washed with ethanol and ether and left to dry at room temperature. The dry skin was then cut in thinner slices and stored at -20°C until use.
Preparation of EDTA extracts
Bone particles which passed through a 100 mesh sieve were extracted at 4°C with a solution of EDTA 10% (wJv)(pH 7'2) for at least 7 days at 4°C according to the technique of Herring (1976) , the EDT A being renewed every 24 h. Completion of demineralization was assessed by determination of calcium in the demineralized samples. Usually this took 5 days. Skin samples were treated in the same way. They were also suspended in EDTA solutions at 4°C for 7 days. The total content of tubes after extraction and dialysis is referred to as organic matrix or matrix while the soluble and insoluble non-diffusible material that remained in the dialysis tube is referred to as EDT A extract and EDTA residue respectively.
Preparation of collagenase digests
The EDT A residues from bone and skin were digested with bacterial collagenase type III (4194 CLS 41A264, Worthington) at 37°C for 96 h with gentle shaking, as described by Herring (1976) . The supernatant solutions were removed and the precipitates washed with water. The pooled supernatant and washings were dialysed against 0'2 M NaCI and distilled water to remove the pep tides produced by proteolysis of the collagen. The non-diffusible material that remained is referred to as the solu ble collagenase-resistant fraction (SCRF) and the precipitates as the insoluble collagenase-resistant fraction (ICRF).
Analytical methods
Samples of bone matrix, EDT A extract and collagenase were analysed for moisture content by drying to constant weight at 105°C. -Hydroxyproline was determined by the technique of Kivirikko, Laitinen & Prockop (1967) -Sialic acid was measured by a thiobarbituric acid method (Aminoff, 1961) -The anthrone method of Yemm & Willis (1954) was used for the determination of hexoses -Uronic acid was assayed by the method of Bitter & Muir (1962) .
Plasma proteins estimation
Albumin, Immunoglobulin G (IgG) and~l acidglycoprotein were identified by the double immunodiffusion technique of Ouchterlony (1958) , and quantitated in EDT A extracts by the single radial immunodiffusion technique of Mancini, Carbonara & Heremans (1965) . All reagents for immunodiffusion were supplied by Nordic-Amsterdam, except for anti-~l acid-glycoprotein antiserum which was kindly given by G. M. Billingham, ICI, Manchester, England. Since polyethyleneglycol (PEG) (Carbowax 6000) can enhance the visualization of immunoprecipitates (Lundkvist & Ceska, 1972) , it was incorporated in agarose-gel before putting samples and antigens in the wells. The final 257 concentrations were 3'25% (w/v) and 1% (wJv) for PEG and agarose respectively.
DEAE-cellulose chromatography
DEAE-cellulose (DE 52) was obtained from Whatman Biochemicals Ltd., prepared according to the manufacturer's instructions and equilibrated with 0'05 M-TrisJHCI buffer (pH 7'2). A column 1 cm X 10 cm was made and washed with 200 ml of the same buffer. A sample of bone or skin, 100 mg of EDTA extracts or soluble collagenase digests in 3 ml of the starting buffer was applied to the column and the effluent collected in 4 ml fractions. The column was washed with the buffer (100-120 m!), followed by elution with a linear gradient (0-0' 7 M NaCI in the starting buffer). The total gradient volume was 200 ml and a flow rate of 20 ml/h was used. The~80 and~30 absorbance of each fraction were measured as an indication of protein content and samples were taken in each tube for determination of sialic acid, uronic acid and hexoses.
Electrophoresis
EDT A ex tracts, collagenase digests and their respective fractions from DEAE-cellulose chromatograms were subjected to electrophoresis on 6% SDSpolyacrylamide gel according to the technique of Weber & Osborn (1969) . After electrophoresis, the strips were fixed with 20% sulfosalicylic acid overnight and stained with Coomassie brilliant blue for 4 h, followed by washing with acetic acid.
Results
In Table I are summarized the analytical results of the EDT A extractability and collagenase digestibility of bone powder and skin. The analytical results were corrected for the moisture content, which was about 9% for both tissues. Results are expressed as gJI 00 g (g %) dry weight of tissue ± standard error of mean (SEM). As can be seen in Table I bone matrix, which represents the total nondiffusible material and includes both soluble and insoluble macromolecules, constitutes about 20% of the dry weight of tissue, while the total nondiffusible material of the skin makes up 80% by weight of dry tissue. The soluble non-diffusible material which is referred to as EDT A extract constitutes about 2% and 4% by weight of dry bone and dry skin respectively. The solu ble collagenaseresistant fraction (SCRF) constitutes 4'7% and 2'7% of the EDT A residues from bone and skin respectively, while the insoluble collagenaseresistant fraction represents respectively 2'9% and 8-4% of bone and skin EDT A residues. The results of the chemical cQmposition of bone and skin matrix, and their respective EDT A extracts and 
The results are mean % ± standard error of mean (SEM) for the numbers of pools of rats in brackets. 1 pool = 10 rats. SeRF = soluble collagenase resistant fraction; ICRF = insoluble collagenase resistant fraction.
soluble collagenase digests are summarized in Table 2 . As can be seen, the collagen content (represented by hydroxyproline content) is similar for the two tissues (10'6 g%), but bone has at least 4 times as much sialic acid and about twice as much uronic acid as skin; the respective values are 0'518 g% vs 0'122 g% for sialic acid and 0'495 g% vs 0'250 g% for uronic acid. Smaller differences were found in the amounts of hexoses (0'926 g% in the bone and 0'900 g% in the skin).
The results of EDT A ex tracts from the two tissues (Table 2) showed more pronounced differences. Indeed, EDT A extract from bone contains about 146 times as much sialic acid, 53 times as much hexoses, 18 times as much uronic acid and 4 times as much hydroxyproline as EDT A extract from skin. In collagenase digests the most distinctive feature lies in the amounts of sialic acid, which is about 6 times higher in the SCRF of bone. In the ICRF however, the differences are variable, with only a marked difference in the hexose content.
The DEAE-chromatographic elution patterns of EDT A extracts and collagenase digests of the bone and of the skin are shown respectively in Fig. I and Fig. 2 . Four main fractions could be observed in these chromatograms. Appreciable quantitative differences may be seen in the uronic acid, hexose, sialic acid and glycoprotein contents of the peaks. The first fraction (I) (from beginning to A) represents the pregradient volume which contains all material eluted before the start of the gradient.
Three other fractions (II, III and IV) (from A to B, from B to C and from C to D) correspond to material eluted by linear gradient. The limit between A and B on the EDT A extract chromatograms and this between A and Band B and C on the collagenase digests chromatograms is less precise.
In general, the elution profiles refer to 5 parameters, namely sialic acid, uronic acid and hexose contents and UV absorption at 230 and 280 nm. As can be seen, the most prominent feature of these chromatograms is the presence of higher amounts of sialic acid in the bone and almost absence of this 
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The results are mean values ± SEM for the numbers of samples in parentheses. For abbreviations see Table 1 . Composition (g/100 g dry tissue). component in the skin. The earlier appearance of uronic acid peak on the EDT A extract chromatogram from the skin is also noteworthy. The material precipitated from the 4 fractions was examined by SDS polyacrylamide electrophoresis and compared to the whole EDTA extracts and to the soluble collagenase digests. Coomassie brilliant blue, which reacts well with proteins and with glycoproteins of both less acidic and anionic types, was used for the staining procedure of the strips. Some differences were observed in the number,. size and density (intensity of staining) of the electrophoretic bands, skin showing in general a greater number of bands, some with greater density and faster mobility.
The levels of plasma proteins are not equal in the two tissue EDT A extracts. As summarized in Table 3 , bone contains higher amounts of albumin, IgG and 0:) acid-glycoprotein, though the difference is not significant.
Discussion
This study in small laboratory animals confirms the findings of Herring (1976) in bovine bone and tendon. Indeed, it was found that BSP was more concentrated in bone and was therefore considered as glycoprotein specific to mineralized tissue.
Our present work showed that bone matrix in Wistar rats contained at least 4 times as much sialic acid as skin. The greatest concentration of this was found in the soluble collagenase-resistant fraction for both tissues, while the difference in the sialic acid content between bone and skin was more pronounced in their EDT A extracts where bone contained about 146 times as much sialic acid as skin. Although the exact functions of this BSP remain unknown, some evidence has been shown about its Ca 2 + binding capacity. Apart from its linkage with calcium and chondroitin sulphate (Herring, 1976) , this glycoprotein is interesting in that it has been shown to bind plutonium very strongly (Chipperfield & Taylor, 1968 ) and also thorium (Williams & Peacocke, 1965 . It binds yttrium less strongly. Its presence in bone may explain why the rare earths and actinide elements are taken up in the skeleton in high concentrations (Williamson & Vaughan, 1964 , and may suggest also its involvement in the calcification process. However, Melick, Quelch & Rhodes (1980) have shown that kidney stones, calcified or not, contained appreciable amounts of sialic acid, suggesting that its presence is probably nonspecific. From this point of view the investigation of sialic acid and other matrix components in different tissues and animals may provide clues for understanding its functions. The amount of uronic acid in the present study was found to be about twice as high in the bone matrix as in the skin. Herring (1977) showed that 63% of the total chondroitin sulphate was dissolved by the EDT A procedure. Assuming that uronic acid constitutes about 30% (molar ratio) of chondroitin sulphate (Meyer, Davidson, Linker & Hoffman, 1956; Herring, 1968) , we can conclude that bone contains higher concentrations of proteoglycans than skin. However, no attempt has been made to remove the less acidic glycoproteins which may interfere with the uronic colorimetric analyses. Most of the uronic acid was found in the soluble collagenase resistant fraction. As for sialic acid, the biochemical difference between bone and skin becomes greater when the EDT A extracts from both tissues were examined, bone containing about 57 times as much uronic acid as skin. The role of proteoglycans in connective tissue is still open to discussion. There is some evidence that it is to create the special arrangement of collagen fibres (Muller & Kuhn, 1977) . Bone and skin are constituted of the same type of collagen, whose fibres may present some differences in morphology. This could possibly be influenced by the presence of proteoglycans. Using the same amounts of tissue samples, the main uronic acid peak (fraction between Band C, Fig. 2 ) on the skin chromatogram is lower and appears earlier, as compared to the correspondent peak on the bone chromatogram ( Fig. I, fraction between B and C). T-hispeak mainly represents proteoglycans containing chondroitin-4-sulphate in the bone and dermatan sulphate in the skin (Meyer et ai., 1956; Herring, 1977) . The structure of derma tan sulphate resembles that of chondroitin sulphate, except that they contain residues of L-iduronate in addition to D-glucuronate. On the other hand, proteoglycan aggregates from different tissues vary greatly in size and composition due to the difference in size and composition of proteoglycan subunits, in chondroitin sulphate chain lengths and in hyaluronic acid chain lengths in different tissues. The different mechanical properties of different tissues are related to the variation in size and composition of proteoglycan aggregates. This variation in size and Rat skin (3) EDTA extracts
Albumin IgG Orosomucoid composition and thereby in ionic charge may explain the difference observed in the uronic acid peaks on the DEAE chromatograms from both tissues. Although the total amounts of collagen in bone and skin is similar, the bone EDT A extract contains about 4 times as much collagen as the skin, suggesting that skin collagen is less solu bilized by EDT A extraction. On the other hand, the hydroxyproline content of the SCRF from skin seems to be higher, while the hydroxyproline Content of the ICRF is almost similar. Whether these facts may have physiological implications is uncertain. The overall extent of hydroxylation of lysine in collagen to hydroxylysine is known to vary extensively from collagen to collagen both between different species and from tissue to tissue with a single species. Variations with age may also occur, as has been established by several investigators (Dequeker & Merlevede, 1971; Barnes, Constable, Morton & Royce, 1974; Schofield, 1980) . These changes in the structure of collagen may also explain the difference in susceptibility of different tissues to collagenase digestion.
The carbohydrate content in bone matrix is higher (but not significantly) than in skin and this difference is more pronounced when EDT A extract and SeRF are examined. Hexoses in tissues may be free or bound to glycoproteins. Skin is known to contain higher content in free glucose (Banks, BartIey & Birt, 1976) . This may be lost during dialysis procedure. Furthermore, the anthrone method used in the present study is known to give rise to problems of charring and irregular colour development. These two facts may explain in part the difference in hexose content observed between bone and skin.
The presence of plasma proteins in connective tissue has been known since 1955 (Boas, 1955 , cited by Anderson, 1976 and in bone since 1966 (Burckard, Havez & Dautravaux, 1966) . A large fraction of this appears to belong to the extracellular pool of plasma proteins. Here plasma proteins were measured in bone and skin; smaller differences were found between bone and skin, bone containing a higher concentration of the plasma proteins examined. Although the exact role of plasma proteins in connective tissues is not yet fully understood, some studies (Owen et ai., 1973; Owen & Triffitt, 1976; Triffitt & Owen, 1977; Bingham, Melick & Mercuri, 1978; Kinoshita, 1979) have shown that albumin in bone was incorporated
Mbuyi & Dequeker at sites where mineralization takes place and therefore plays some part in the growth of bone. ai-acid glycoprotein has been shown to interact with collagen by forming a fibrous network designated as fibrous long spacing fibres (Franzblau et ai., 1976) . This plasma protein has been found to be concentrated in human bone by a factor of 15 times (Mbuyi, Dequeker, Stevens & Bloemmen, 1981) , but its exact role in bone tissue remains to be elucidated.
Whether serum proteins have any function in relation to specific constituents of the skin has yet to be demonstrated. However, plasma proteins and immune complexes have been found to be deposited in the skin and their role in the pathogenesis of some diseases has been proven (Bonomo & Dammaceo, 1971; Cochrane, 1971) . Skin and bone differ also by their electrophoretic patterns, as shown by the SDS polyacrylamide electrophoresis of their EDTA extracts and collagenase digests. No attempt has been made to identify the content of the electrophoretic bands. Since Coomassie brilliant blue was used, the glycoprotein content (represented by the electrophoretic bands) may be plasma proteins, glycoproteins of both less acidic and anionic types, as well as their respective degradation products (Leaver, 1968 ). The differences observed between the electrophoretic pattern of the two tissues may be due in great part to the difference in quantity and quality of glycoproteins extracted.
This comparison of bone and skin matrix components is significant in view of the increasing interest in the chemical and structural changes produced by a variety of pathological lesions, especially in rheumatic diseases. Skin is a difficult tissue to work with, as in addition to connective tissue components it contains serum proteins, soluble proteins (non-serum proteins) and matrixassociated glycoproteins, originating from hair follicles, sweat and sebaceous glands, nerve endings, blood capillaries and cells. It remains to be shown whether or not non-collagenous skin proteins originate from any of these structures.
